Greater mortality and morbidity for cardiovascular events and renal complications have been reported in black than in white hypertensive patients. In this study we examined whether race per se affected markers of early target organ damage in a population of black and white hypertensive patients in whom casual as well as ambulatory blood pressure measurements were obtained.
P revious studies have suggested striking racial differences in hypertension-related target organ damage. 1, 2 The observed differences have been found particularly dramatic for hypertensive renal disease, where hypertensive renal dysfunction occurs more commonly and with greater severity in the black than white population. The prevalence of end stage renal disease resulting from hypertension has been found to be 6.1 times greater in blacks compared with whites. 3, 4 A number of factors have been proposed to account for the racial disparities in hypertension-related target organ damage. Among them are lower social economic status in black subjects, genetic predisposition, high prevalence of obesity, high sodium and low potassium consumption, differences in plasma renin levels, circulating humoral substances possibly inhibiting cellular sodium-pumping mechanisms, and insulin resistance. [5] [6] [7] [8] We previously conducted studies in which systemic and renal hemodynamics as well as cardiac structural adaptation were compared in populations of white and black hypertensive patients. 9, 10 After the confounding factors of age, sex, weight, and arterial pressure were controlled, all of which are known to independently interact with hypertension-related target organ damage, no racial disparities could be detected between matched black and white hypertensive patients. 10 In that study only casual blood pressure measurements were available for analysis. However, casual blood pressure does not provide an adequate estimation for the hemodynamic burden to the cardiovascular system throughout a 24-h period. In contrast, ambulatory blood pressure measurements repeatedly have been found to be closely related to severity of target organ damage such as left ventricular hypertrophy, systolic and diastolic function of the left ventricle, hypertensive nephropathy, and peripheral vascular and cerebrovascular disease (cerebral lacunae, retinopathy, or arterial compliance). [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Therefore, to further clarify whether racial differences in hypertension-related target organ damage existed, in a second study we compared systemic and renal hemodynamics as well as cardiac structural adaptation in a population of white and black hypertensive patients in whom casual as well as ambulatory blood pressure measurements were obtained.
METHODS

Study Population
A total of 60 (12 women and 48 men) patients with essential hypertension [World Health Organization (WHO) stages I and II] were consecutively enrolled in this study (single-center study). All patients (20 blacks and 40 whites) were born in the United States and had been residents of New Orleans for over 5 years. All patients had consulted our outpatient clinic for evaluation of arterial hypertension and had been considered to have established hypertension if their diastolic blood pressure on at least two to three occasions had repeatedly measured more than 90 mm Hg (Korotkoff phase V) after 5 min of rest in our outpatient clinic with an appropriate cuff in obese patients. Patients had either never been treated in the past or if they had been did not receive antihypertensive medication for at least 4 weeks before the examination. Duration of hypertension was questioned, but reliable information was obtained in less than 50% of our patients, particularly in black patients. Secondary causes of arterial hypertension and WHO stages III were ruled out by routine clinical and laboratory examinations as previously outlined. 21 None of the patients was excluded from enrollment in the 4-week-off-medications study because of known severe left ventricular hypertrophy (LVH). The protocol of the study was approved by the institutional clinical investigation committee and written informed consent was obtained from each patient. After establishment of the diagnosis of arterial hypertension, the patients were referred to our clinical hypertensive laboratory in the Ochsner Medical Institutions in New Orleans. All hemodynamic examinations were carried between 9:00 am and noon after patients had eaten a light breakfast without tea or coffee. First, the invasive examinations were performed; then, after a resting period of at least 20 min, an echocardiogram was recorded. Ambulatory 24-h blood pressure measurements were obtained throughout an adjacent 24-h period on a normal working day.
Ambulatory Blood Pressure Monitoring Ambulatory blood pressure was recorded throughout a working day by using a fully automatic noninvasive portable device (Delmar Avionics Pressuremeter II, Irvine, CA). (For details see reference 22). In brief, blood pressure was recorded every 7.5 min during the day and every 15 min during nighttime, immediately beginning after the invasive and echocardiographic study. Blood pressure and heart rate measurements were averaged for each 2-h period, and aberrant readings were excluded by criteria described previously. 22 Daily life activity was defined as the time period from 8:00 am to 10:00 pm and sleeping hours from 10:00 pm to 8:00 am. Subsequently, the average of the whole day blood pressure and of the whole night blood pressure measurements were calculated.
Ambulatory blood pressure profiles were only analyzed if more than 85% of the blood pressure readings were obtained. 23 Numerous studies have now shown that intermittent cuff inflation does not disturb sleep, at least not to such an extent that blood pressure measurements systematically overestimate nighttime blood pressure values. 24, 25 Systemic and Renal Circulation Hemodynamic examinations were performed between 9:00 am to noon after patients fasted overnight and had no premedication as previously reported. 21, 22 In brief, polyethylenetubing was introduced into an antecubital vein and into the brachial artery and advanced to the level of the superior vena cava and ascending aorta, respectively. Continuous intraarterial pressure was recorded at rest, and mean arterial pressure was obtained by electrical integration. Cardiac output in the supine position was measured in triplicate using indocyanine-green dye. Heart rate was measured by continuous electrocardiogram. Renal plasma flow (RPF) was determined for the disappearance of a single injection of 131 I-para-aminohippuric acid (PAH), using the twocompartment models for calculations. 26, 27 Stroke volume, total peripheral resistance, renal blood flow, renal fraction of cardiac output (renal blood flow divided by cardiac output), and renal resistance were calculated by standard formulas. Compliance of large arteries was estimated by calculating pulse pressure divided by stroke volume.
Echocardiography Echocardiographic studies were conducted by using an ultrasonoscope (SmithKline Echolines 28, Sunnyvale, CA) interface with a stripchart recorder (Honeywell, Denver, CO) and a probe measuring 1.27 cm in diameter. Ultrasonic emission characteristics were as follows: frequency 1000/sec, wavelength 2.25 mHz, focal length 10 cm. Immediately after invasive measurements, the patients rested for 10 min. Two-dimensional guided M-mode echocardiograms were then recorded with the patient in the half-left side position, and appropriate adjustments of the damp, reject, and gain modalities were made to obtain a good definition of the left ventricular walls and cavities. Left ventricular structure was evaluated from two-dimensional guided M-mode echocardiograms recorded at or just below the tips of the mitral valve leaflets with the transducer applied in the third or fourth intercostal space lateral to the left sternal border. End diastolic dimensions were measured at the peak of the R-wave of the simultaneously recorded electrocardiogram and at the nadir of septal motion, respectively. 29 End diastolic posterior wall and septal wall thickness of the left ventricle were measured according to the standard measurement convention of the American Society of Echocardiography. 30 All echocardiograms were read by two physicians who were unaware of the data, and the average for each parameter was computed from five consecutive cardiac cycles. Relative wall thickness was determined by dividing posterior wall thickness by half the end diastolic diameter. 31 Left ventricular mass was considered the most valid parameter for left ventricular hypertrophy and was determined according the formula of Devereux et al 32 that corrects for the overestimation of the calculated left ventricular mass based on American Society of Echocardiography measurements.
32
Statistics All statistical analyses were made on an IBM computer by using SAS programs (SAS Inc., Cary, NC). 33 Unless otherwise specified, all data are expressed as mean Ϯ SD.
RESULTS
Study Group
The clinical characteristics of the 60 black and white hypertensive patients are depicted in Table 1 . In the group of the white hypertensive patients, the percentage of included male subjects was significantly higher than in the black study population. All other baseline clinical characteristics were comparable between black and white hypertensives. Table 2 summarizes the obtained 24-h ambulatory blood pressure levels. No differences were found between hypertensive black and white patients with regard to all 24-h ambulatory blood pressure measurements, especially also for the nocturnal fall of blood pressure. Resting systolic and diastolic blood pressures were comparable between white and black hypertensives as well. Overall, the patients could be classified as having hypertension of mild or moderate degree (see subsequent analysis).
Twenty-Four-Hour Ambulatory Blood Pressure Measurements
Systemic and Renal Hemodynamics
Heart rate, cardiac output, and stroke volume did not differ between black and white hypertensive patients. However, in the unpaired t test there was a tendency for a higher total peripheral resistance in the black hypertensive when compared to the white hypertensive patients. However, after a covariance analysis that took into account 24-h systolic and diastolic blood pressure and sex, no significant differences could be obtained with regard to total peripheral resistance between white and black hypertensives (Table 3) . Arterial compliance of large arteries evaluated by stroke volume/pulse pressure was nearly identical in black and white pa- tients. Red cell mass, plasma volume, and total blood volume also showed no significant difference between the two study populations. Similarly, renal plasma flow, renal blood flow, and, conversely, renal vascular resistance were comparable in the investigated black and white groups ( Table 3 ). The percentage of cardiac output distributed to the kidney was 16.3% in white and 16.8% in black patients, respectively. Hence, hemodynamic correlates for renal vascular changes were similar in white and black hypertensive subjects.
Echocardiography
The echocardiographic parameters of both groups are shown in Table 4 . Left ventricular mass was somewhat but not significantly higher in white hypertensive compared to black hypertensive patients. Relative wall thickness as a parameter for concentric left ventricular hypertrophy was nearly identical in both groups. Thus, no racial differences were found in the extent of cardiac structural and functional adaptation within the biracial study population.
Subsequent Analysis
Because the majority of patients included into the study were male, all parameters were compared between black and white hypertensive men only to exclude any possible sex-related bias. Again, no significant differences were found with regard to age, height, weight, body surface area, and body mass index (Table 5) . Also, 24-h systolic blood pressure and diastolic blood pressure were comparable between the two groups (Table 5 ). Total peripheral resistance was significantly higher in the male black group than in the male white group (19.7 Ϯ 2.0 U v 17.5 Ϯ 4.4 U; P ϭ .03). However, no significant difference could be found between white and black hypertensive patients with regard to total peripheral resistance by covariance analysis that excluded any potential impact of 24-h average blood pressure (Table 5) .
Compliance of large arteries as well as renal plasma flow, renal vascular resistance, and the echocardiographic findings again were comparable between white and black male hypertensives. In a further subanalysis, clinical, hemodynamic and echocardiographic findings were compared in white and black hypertensive patients only whose 24-h diastolic blood pressure was elevated (Ͼ85 mm Hg) (Table 6). Significant differences were only found with regard to age and sex (Table 6 ). All other parameters showed no significant racial differences in this analysis. The same analysis of possible disparate findings in clinical, hemodynamic, or echocardiographic characteristics of male white and black patients whose 24-h systolic or diastolic blood pressure was elevated, found only a significant difference with regard to age [whites (n ϭ 22) 47 Ϯ 8 years v blacks (n ϭ 8) 40 Ϯ 2 years; P ϭ .043]. Again, in covariance analysis exclud- ing age, all other investigated findings were comparable between white and black men.
Multiple Regression Analysis
The following variables were entered as potential determinants of renal blood flow without priority for any: age, body mass index, mean arterial pressure, cardiac output, stroke volume/pulse pressure, sex, and race. Age was the most powerful determinant of renal blood flow (␤ ϭ Ϫ0.37, P Ͻ .005) and explained approximately one fourth (R 2 ϭ 0.23) of the variance of renal blood flow in the 60 subjects. Both age and mean arterial blood pressure explained one third of the variance of renal blood flow (R 2 ϭ 0.33). Neither the degree of obesity nor sex or race emerged as an independent determinant for renal blood flow.
DISCUSSION
The main finding of this study was that parameters of hypertensive-related target organ damage were similar in black and white hypertensive patients. This was true regardless of whether all patients were analyzed, male patients alone, or those with elevated ambulatory blood pressure measurements only (thereby excluding white coat hypertension).
In our study, 24-h blood pressure measurements were conducted to better define the hemodynamic load imposed on the cardiovascular system and to look for possible differences between the two racial populations with regard to risk attributed to arterial hypertension. All obtained blood pressure values throughout the 24-h blood pressure monitoring were comparable between the two study populations. Of note, no racial difference in the nocturnal reduction of systolic and diastolic blood pressure was observed. This would suggest that at least in mild to moderate hypertension no racial differences exist in the early phase of hypertension-related target organ damage. A limitation of our study is, however, that we did not have specific and reliable information on duration of antihypertensive therapy or, even better, follow-up blood pressure over several years. This might be of lower importance when analyzing the early stage of hypertensive target organ damage than it might be for more severe stages of hypertensive disease.
In this study as well as in previous ones, no racial differences were found with regard to hemodynamic findings and fluid volume status. 9, 10 Interestingly, most studies reporting racial disparities in target organ damage in arterial hypertension had documented hemodynamic differences (such as a lower cardiac output or elevated total peripheral resistance in black when compared with white patients with hypertension), which has said to account for the more pronounced degree of hypertensive heart disease in black hypertensive patients. 2, 34 Indeed, total peripheral resistance was somewhat higher in the black than white hypertensive study cohort; however, in the covariance analysis after adjusting for small (not significant) differences in 24-h average systolic and diastolic BP and sex, no difference in total peripheral resistance was observed between the two groups. Compliance of large arteries was also similar between our black and white subjects. The lack of a racial difference in these hemodynamic measurements that indirectly reflect afterload imposed on the left ventricle is in accordance with the observation that cardiac structural adaptation was similar in black and white patients. Echocardiographic parameters for left ventricular mass and all obtained wall thicknesses were comparable between all white and black hypertensive patients as well as between the male subgroups with elevated diastolic blood pressure. Previous studies have suggested striking racial differences in hypertension-related renal disease. However, in autopsy studies in which kidney samples were evaluated for nephrosclerosis, arteriolar hyalinization was found to be greater in women than in men but not different between blacks and whites. 35 It has also been claimed that the unpredictability of progression from hypertension to hypertension-related end stage renal disease strongly suggests that factors other than blood pressure play an important role. 36 In particular, differences in socioeconomic status and discrepancies in medical care between black and white subjects (not assessed in the current study) have been extensively discussed.
In a recent study of renal hemodynamics, black and white patients matched for blood pressure and age showed similar values for renal plasma and blood flow. 37 However, in response to high dietary salt intake, black hypertensive subjects responded with a significantly higher increase in glomerular filtration rate. The authors concluded that glomerular hyperfiltration in response to high salt intake and high prevalence of end-stage renal disease in the black American population may be a mechanism contributing to the racial disparities in hypertension-related renal disease. Our findings neither support nor contradict this study as we did not determine glomerular filtration rate.
In conclusion, no racial disparities were found between our black and white study population with mild to moderate essential hypertension with regard to renal and systemic hemodynamics and cardiac structural adaptation. Thus, the higher morbidity and mortality of hypertensive cardiovascular disease in the black American population cannot be explained by hemodynamic mechanisms. However, the results of this study derived from a relatively small sample of hypertensive blacks in New Orleans, and are not nec- 
